Long-term trends in the abundance of unionids in the western basin of Lake Erie were examined from data collected at 17 stations in 1961, 1972, and 1982. The mean number of unionids at these stations declined over this time period, decreasing from 10 m~2 in 1961, to 6 m~2 in 1972, down to 4 m~2 in 1982. This decline in abundance was reflected in the decrease in the number of stations where mussels werefound; unionids werefound at 16 of the 17 stations in 1961, but at only 6 stations in 1982. Reasons for the decrease in the unionid population are not generally apparent, but are probably related to the decline in water quality and periods of low oxygen levels over the time period of the surveys.
INTRODUCTION
Through the years, the macroinvertebrate community of the western basin of Lake Erie has undergone some dramatic changes. The decline of Hexagenia populations in the 1950s and the subsequent increase in the number of oligochaetes, chironomids, and sphaeriids in the 1960s clearly demonstrated the negative impact of pollutant loadings into the basin (Britt 1955, Carr and Hiltunen 1965) . Since the early 1970s, water quality conditions have generally improved as a result of phosphorus control measures (EI-Shaarawi 1987) , and, at least in certain areas of the basin, Hexagenia is becoming re-established (Thornley 1985) and oligochaete numbers have declined (D. W. Schloesser et al. unpublished manuscript) .
Historically, the western basin of Lake Erie has been characterized as having one of the richest and most abundant unionid assemblages in North America (Goodrich and van der Schalie 1932) . The basin's relatively shallow depth and high flushing rate ("river-lake habitat") provide conditions that are highly favorable to unionid populations. In 'Great Lakes Environmental Research Laboratory, 2205 214 addition, former stream connections in the postglacial period allowed a diverse assemblage of species from the Ohio-Mississippi basin to populate the area (van der Schalie 1941). Of the 39 species recorded in the Great Lakes, 36 are known to have inhabited Lake Erie, and most of these were once found in the western basin (Mackie et al. 1980) .
While unionid populations in the western basin have apparently declined over the past few decades (Wood and Fink 1984) , quantitative evidence of these declines are lacking. When Carr and Hiltunen (1965) documented changes of most benthic groups in the period between 1930 and 1961, quantitative changes in unionid populations were not included because the 1930 data set (Wright 1955 ) did not include abundance estimates for unionids. Wood and Fink (1984) compared unionid populations in 1973-74 to populations found in 1951-52; however, they used a dragdredge which did not allow abundances to be reported with certainty.
This paper documents changes in the abundance and species composition of mussel populations in the western basin of Lake Erie over the 21-year period between 1961 and 1982. The data were obtained from surveys conducted in 1961 (Carr and Hiltunen 1965) 
METHODS
Locations of the 17 stations sampled in each of the three surveys are given in Figure 1 . Most of the stations were located in the open, offshore waters of the basin. An additional 23 stations, located over a broader area of the basin, were sampled in 1961 and 1982 only. Exact locations (longitude and latitude) of all stations are given in Carr and Hiltunen (1965) . Sampling methods and procedures were basically similar in the three surveys (Table 1) . Carr and Hiltunen (1965) (Flannagan 1970) , efficiencies of the two grabs are likely to be similar when collecting unionids. The greater "shockwave" of the Peterson, which blows away small organisms at the sediment surface just before impact, should not have any effect on these large, heavy-shelled forms. The effect is minimal even for the shelled but much smaller Sphaeriidae (Flannagan 1970 , Nalepa et al. 1988 . While grab samplers generally underestimate unionid abundances (Haukioja and Hakala 1974 , Isom and Gooch 1986 , Nalepa and Gauvin 1988 , any bias in abun- dance estimates should be reflected similarly in the three surveys. The coarser mesh screen used by Roth and Mozley to sieve sediments was fine enough to retain all mussels older than 1 year.
The 1961 survey data, as published by Carr and Hiltunen (1965) , contained some errors in the reported abundance and species composition of unionids Jarl K. Hiltunen, personal communication, 1990); the 1961 data given in this paper contain the necessary corrections.
RESULTS AND DISCUSSION
A general decline in the abundance and distribution of unionids in the western basin of Lake Erie between 1961 and 1982 was apparent (Table 2) . Mean abundances at the 17 stations in 1961,1972, and 1982 were 10 m-2 , 6 m-2 , and 4 m-2 , respectively. This decline in mean abundance is reflected in the dramatic decrease in the number of stations at which unionids were collected. In 1961, mussels were found at 16 of the 17 stations, but this number declined to 11 in 1972 and to only 6 by 1982. The number of species collected also declined over this period, with 7 species found in 1961, 6 in 1972, and 5 in 1982. Two of the species collected in 1982, Lampsilis r. siliquoidea and Ligumia nasuta, were the most common species in 1961 and 1972. To provide a broader perspective on the decline of species in the western basin, the species reported from surveys conducted in 1930 (Wright 1955 ), in 1951 -52 (Wood 1963 ), and in 1973 -74 (Wood and Fink 1984 are presented, along with the species reported in the surveys of 1961, 1972, and 1982 ( Table 3 ). The species found in the 1961 and 1982 surveys include those species found at all 40 of the sampled stations. The same 40 stations were originally sampled in 1930 (Wright 1955 ) so, at least qualitatively, these three surveys may be considered directly comparable. The number of species did not change substantially between 1930 and 1961, with 12 species being found in the former year and 10 in the latter; however, only 5 species were found in 1982 (Table 3) . A similar decline was reported by Wood and Fink (1984) ; a total of 14 species were found in the open lake in 1951-52 but only 4 species were found in 1973-74 (Table 3) . Further, they reported that the proportion of recently dead shells (two valves attached and (Wright 1955 ), 1951 -52 (Wood 1963 ), 1961 (Carr and Hiltunen 1965 ), 1972 (Roth and Mozley unpublished), 1973 -74 (Wood and Fink 1984 ), and 1982 . Because a dragdredge was used to collect unionids in the surveys of 1952-53 and 1973-74 (76.4) Leptodea fraqilis (16.8) Liqumia nasuta (3.40) Jlroptera alata (3.4) *Relative abundances of the various species were not given. **Percentages were extrapolated from pie graphs. 1961 Lampsilis r. siliquoidea (30.8) Liqumia nasuta (25.6) Anodonta grandis (20.5) Lampsilis ventricosa (5.1) Leptodea laevissima (5.1) Elliptio dilitata (2.6) Obliquaria rejlexa (2.6) Leptodea jraqilis (2.6) Jlroptera alata (2.6) Truncilla donacijormis (2.6) 1982 Lampsilis r. siliquoidea (46.2) Liqumia nasuta (23.1) Amblema plicata (15.4) Jlroptera alata (7.6) Anodonta grandis (7.6) 217 intact) in the samples increased from 290/0 in 1951-52 to 79% in 1973-74. Specific reasons for the decrease in unionid populations of the western basin are not immediately apparent, but are likely related to the general decline in water quality over the time period of these surveys (Burns 1985) . Studies have shown that mussels are sensitive to low oxygen concentrations, with at least 6 ppm required for normal growth and between 2.5 and 5 ppm needed for continued survival (Fuller 1974) . Between 1961 and 1982, oxygen concentrations in the western basin fell below these critical levels during periods of calm weather; concentrations of less than 3 ppm were recorded in the summers of 1963 (Carr et af. 1965 .), 1966 (Britt e al. 1968 ), 1971 (Hartman 1972 ), and 1973 (Zapotsky and Herdendorf 1980 . Shifts in the composition of the fish community can also have an impact on mussel populations, but populations of fish species that may serve as potential hosts for mussel glochidia, i.e., yellow perch, white bass, freshwater drum, channel catfish, etc. (Fuller 1974) , have remained stable or increased in the western basin over the past few decades (Hartman 1972, Leach and Nepszy 1976) .
Besides western Lake Erie, other areas which once had developed unionid populations, such as Green Bay and Saginaw Bay, now have an impoverished fauna (Mackie et af. 1980) . However, an abundant and diverse mussel population still exists in Lake St. Clair (Nalepa and Gauvin 1988) ; this is probably because this lake is continuously flushed with high quality water from Lake Huron and oxygen concentrations remain close to saturation (Herdendorf et al. 1986) . Although conditions in the western basin have generally improved since the 1960s, as evidenced by a recovering Hexagenia population (Thornley 1985) , it may take several decades before these improvements are reflected, if at all, in a recovery of the unionid population. Many of the species that are no longer found in the offshore waters of the basin are still present in shallow, nearshore areas where wave action keeps the waters well-oxygenated (J. C. Roth and S. C. Mozley unpublished, Wood and Fink 1984) . Over time, these areas may be a source of individuals to repopulate offshore areas. However, a new threat to the unionid population is the recent introduction and rapid increase of the zebra mussel, Dreissena polymorpha. Samples from the western basin in the fall of 1989 showed that all unionids were covered with Dreissena at densities of up to 10,000 per individual (D. W. Schloesser and T. F. Nalepa, unpublished data). Given these densities, the longterm impacts of Dreissena on an already stressed unionid population needs to be closely monitored.
